Adenoviruses (Ad) deleted in the protease (PS) 
Introduction
Since their development in the early 1980s, adenovirus vectors (AdVs) have been widely used in gene transfer experiments for vaccination, 1 gene therapy 2, 3 and functional studies. 4, 5 Among the main features that make AdVs ideal gene transfer vectors are their ease of production at high titers combined with their high infectivity and efficient transgene expression in a wide range of cell types from various species both in vitro and in vivo. Moreover, recent developments in adenoviral vectorology, such as the increase of insert size, the prolongation and regulation of transgene expression, as well as the modulation of AdV tropism, have further expanded their applications. Hence, because of both their intrinsic biological properties and their potential for improvements, AdVs are now considered to be very powerful tools for functional genomics. 4, 5 In spite of their usefulness, the construction of AdVs is still a cumbersome and lengthy process that is not readily amenable to the generation of large collections of clones. Clearly, the ability to readily construct AdV libraries would be an asset in this era of post-genomics. An ideal method for the construction of AdV libraries would Under optimal conditions, at least one recombinant Ad per 10 3 
cells was generated with 100% of the plaques being recombinant. Since the infection/transfection protocol is readily scalable, this represents the first method that allows for the easy construction of adenovirus vector (AdV) libraries with high diversities. This approach addresses in a novel way the bottleneck encountered when converting plasmid libraries, constructed in E. coli using a variety of well-established strategies, into corresponding AdV libraries. It maintains high diversity while generating recombinant viruses with 100% efficiency.
Gene Therapy (2002) 9, 1238-1246. doi:10.1038/sj.gt.3301793 ensure that (1) only recombinant viruses are selected, and (2) very large numbers of clones are generated following transfection of permissive cells. Among the wide variety of methods used for the construction of recombinant AdVs, several allow for the attainment of recombinant viruses without any background of parental genome. [6] [7] [8] [9] [10] [11] [12] [13] However, with all of these methods, the number of viral clones generated is, at best, lower than 50 per g of viral DNA. The only method that has been shown to provide large numbers of clones, does not involve selection for recombinants.
14 Thus, even though it is currently possible to generate several thousand viruses per g of viral DNA, only a fraction of those will be recombinant.
To minimize the work involved in screening recombinant from parental viruses, reporter genes such as E. coli LacZ 15 or the green/blue fluorescent proteins (GFP/BFP) from A. victoria 16 can be used either in the viral genome as a negative screen, or in the transfer vector as a positive screen. Although useful, this approach still suffers from the intrinsic limitation that, in a library of several thousand clones, an even larger number of parental viruses would have to been screened out, a process which is fairly time-consuming. Furthermore, recombinant AdVs are sometimes at a growth disadvantage relative to the parental virus and these clones might be difficult to isolate in a library in which they are not positively selected for growth. Thus far, a positive selection system compatible with the generation of very large numbers of AdV clones has not yet been developed. One possible approach to do so would be to ectopically re-express an essential gene in such a way that only those viral genomes having incorporated this gene would be able to grow in the selective environment. As shown below, the Ad protease (PS) gene is a good candidate for such a purpose.
The Ad PS is one of the essential late viral genes involved in many steps of the virus cycle. 17, 18 Previously, we have constructed PS-deleted Ad mutants with or without E1 and E3 deletions. To propagate these mutants, we have also generated stable 293-rtTA cell lines expressing the Ad2 PS under the control of an inducible promoter (293-PS). Because the PS gene is not required for DNA replication, the ⌬PS mutants are capable of a single round of replication when E1 functions are provided in trans as in 293 cells. 19 This feature was exploited here to develop a new positive selection system. With this method, the parental Ad can be eliminated after one round of replication. This was done by transfecting, in 293 cells, a plasmid harboring the left ITR, a PS-expressing cassette with or without a foreign gene, and a region allowing for homologous recombination in E1. Along with this, a ⌬PS viral genome was introduced either by transfection of viral DNA-protein complex (DNA-TPC), or infection. Since this mutant cannot go beyond one round of replication in 293 cells, only those genomes having rescued the PS gene can lead to productive infection. As the initial step for library construction, we present here a system that allowed for the generation of large numbers of 100% pure recombinant AdVs.
Results

Selection of recombinant AdV by ectopic expression of the PS gene
One widely used method to generate recombinant AdVs involves the co-transfection of restriction enzyme digested deproteinized DNA comprising most viral genes and the right ITR with a transfer vector containing the desired expression cassette, the left ITR, and a segment of Ad sequences common to both molecules which permits homologous recombination. 20 In typical experiments, co-transfection of 1 g of naked viral DNA with the same amount of transfer vector using calcium phosphate precipitation generates approximately 10-30 recombinant plaques with an efficiency of 20 to 60% of recombinants. 21 This is not enough for generation of an Ad library.
The terminal proteins that are covalently linked to the ITRs of the Ad genome enhance its infectivity by more than 100-fold above what is obtained with naked DNA. 14 As a first step towards the construction of AdV libraries, we evaluated the efficacy with which recombinant AdVs could be obtained following co-transfection of a transfer vector with viral DNA-TPC. Our best preparations yielded approximately 150 000 plaques/g of uncut Ad DNA-TPC. The efficacy of generation of recombinant AdV using Ad DNA-TPC was then compared with naked Ad DNA. After digestion with ClaI and co-transfection with a transfer plasmid expressing GFP (pAdCMV5-GFP), at least 100 times more recombinants were generated with DNA-TPC (3500-5000 plaques/g) than with naked viral DNA. The ratio of recombinant/non-recombinant plaques was about 60:40 in two separate experi-ments. Although this yield of recombinants was fairly good, we sought to further improve the method by eliminating non-recombinant plaques using positive selection.
Since PS-deleted Ad are capable of only one round of replication in 293 cells, 19 we elected to exploit this characteristic to develop a positive selection method. We tested whether recombinants could be efficiently selected using ectopic expression of the PS gene in the E1 region following recombination. Since we had shown previously that minute amounts of PS could fully complement PSdeleted Ad, while over-expression of PS could be deleterious to cells, 19 two promoters of different strength were tested. As shown in Figure 1 , the PS gene was cloned in Ad transfer vectors such that it was expressed from a tetracycline-inducible promoter containing either the TATA box of the CMV promoter (TR5) 22 or the weaker TATA box of the TK promoter (TR6), in a dicistronic cassette co-expressing GFP. 16 Co-transfection of linearized pAdTR5-PS-GFP or pAdTR6-PS-GFP transfer vectors with ClaI-digested DNA-TPC of Ad5-⌬PS in 293 cells generated viral plaques that appeared as early as 5 days after co-transfection. As a control, transfection with undigested DNA-TPC of Ad5-⌬PS in 293 cells did not yield any plaques even after 21 days (data not shown). One hundred viral plaques from each transfection were checked for GFP expression by microscopic examination directly on the transfected plates, or after infection of 293-rtTA cells, which increases the GFP signal by induction of the promoter. All plaques were GFP+ after one round of multiplication on 293-rtTA cells under induced conditions ( Figure 2 ). The presence of the PS gene in the expected configuration in E1 was confirmed by PCR analysis and restriction mapping on 20 amplified plaques (data not shown). Also, two independent clones originating from each of the transfections with pAdTR5-PS-GFP and pAdTR6-PS-GFP were randomly chosen and plaquepurified once to further assess their purity. In both cases, 100% of the resulting plaques (175/175) were GFP+. Therefore, ectopic expression of the PS gene with either promoter worked equally well for the positive selection of recombinant AdVs, even under un-induced conditions.
Effect of PS expression level on viral progeny yields
Since, in the configuration described above, the PS gene is expressed in the recombinant AdV from a promoter different from its normal one, we compared the growth of AdV ectopically expressing the PS with the wild-type Ad5, in order to ensure that our positive selection method was not affecting the growth of the resulting AdVs. Under un-induced conditions for both promoters (TR5 and TR6), the AdV progeny grew as efficiently as a normal virus. However, for AdTR5-PS-GFP the yield was reduced by about six-fold following induction at 5 h, while induction at 24 h had no effect on viral growth ( Figure 3 ). The two-fold reduction in viral progeny observed with the E1-deleted AdV as compared with wild-type Ad5 is due to the expression of the E1 region by the parental virus which is not fully complemented for E1-deleted AdVs in 293 cells. Indeed we have routinely observed that E1-deleted AdVs either without a transgene, or expressing GFP or LacZ, typically grow at 30 to 50% the level of wild-type Ad in 293 cells (unpublished results).
The reduction of viral progeny from AdTR5-PS-GFPinfected cells under induced conditions at early times 22 or the weaker TATA box of the TK promoter (TR6), in a dicistronic cassette co-expressing GFP. 16 The transfer vector pAdTR5-PS-⌬GFP was generated by removing the GFP gene.
was expected because it had been previously demonstrated that premature activation of PS by addition of pVIc can significantly reduce viral titers. 23 This was simulated here by the inappropriate timing of PS overexpression by induction at 5 h after infection. As shown in Figure 4 , the level of PS expression from AdTR5-PS-GFP following induction is much higher than its level without induction which, coincidentally, is similar to what was seen in Ad5 infection ( Figure 4 , lane 8). In contrast, the expression level of PS from AdTR6-PS-GFP following induction is similar to the level seen in Ad5 infection, and about 10-fold lower in un-induced conditions. These data confirm previous results that showed that lower levels of expression of PS are sufficient to complement Ad5-⌬PS for replication, while premature overexpression of PS was deleterious to viral growth. 19 
Construction of recombinant AdVs by the infection/transfection protocol
Although the PS selection method is efficient at generating large numbers of recombinant plaques, the production of significant quantities of pure digested viral DNA-TPC is expensive and time-consuming. As such, this could represent a bottleneck for the generation of larger libraries, which would require significant amounts of viral DNA-TPC for the transfection of much higher numbers of cells. Given the efficiency of the PS selection, we decided to simplify the method by directly delivering the Ad5-⌬PS genome by infection in combination with transfection of the transfer vector expressing the PS gene. As illustrated in Figure 2 , one main difference with this method is that the parental Ad5-⌬PS genome is no longer eliminated by restriction enzyme digestion. As a result, following the infection, residual infectious Ad5-⌬PS virions can still be present in the pool of transfected 293 cells. These parental Ad5-⌬PS virions are able to replicate once in 293 cells and produce a cytopathic effect, but they cannot form plaques. 19 Therefore, they can readily be eliminated after one round of plaque purification. Since GFP+ plaques could be more readily detected with pAdTR5-PS-GFP in 293 cells (un-induced conditions), this transfer vector was used to establish the optimal conditions for this infection/transfection protocol. In the first series of experiments, 293 cells were either first infected 
to 15.5 map unit), also harbored an expression cassette containing the PS gene and the GFP gene in place of the E1 region. After linearization, the shuttle vector was co-transfected in 293 cells with a PS-deleted Ad genome cleaved in E1. In an alternative protocol (Infection/Transfection) the Ad5-⌬PS genome was delivered directly into the cells by infection in combination with transfection of the transfer vector expressing the PS gene. Since PS-deleted Ad cannot produce plaques on 293 cells, only genomes having rescued the PS gene by recombination are recovered following plaque purification. The resulting recombinant viruses harbored no PS gene in the L3 region, but a transgene and the PS are ectopically expressed from the E1 region.
with Ad5-⌬PS and 5 h later transfected with pAdTR5-PS-GFP, or first transfected and, after overnight incubation, infected. The infections were carried out at different MOIs ranging from 10 Ϫ1 to 10 Ϫ6 and were harvested at 5 days after infection or after transfection as the case may be. The results from the Inf/Trans and Trans/Inf methods were compared by titrating viral yields by plaque assays (Figure 5a ). The correlation between the resulting AdV titers and MOIs was sigmoidal with a peak at a MOI of 10 Ϫ2 for both conditions. In this particular experiment, a significant decrease was observed at 10 Ϫ1 .
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However, in other separate experiments, this decrease was not seen at the MOI of 10 Ϫ1 , but rather at 1. In any case, this indicated that there was an upper limit to the amount of Ad5-⌬PS that can be used to obtain the best titer of recombinant AdVs. Overall, both methods being equivalent, the Inf/Trans method was further investigated.
In another series of experiments, 293 cells were infected with Ad5-⌬PS at MOIs of 10 Ϫ1 , 10 Ϫ2 and 10 Ϫ3 and harvested at different times ranging from 1 to 6 days after transfection with pAdTR5-PS-GFP. The results, shown in Figure 5b, indicated that the recombinant AdVs were first detected as early as day 2, and that their number steadily increased up to day 6. The best titer at day 4 was obtained with a MOI of 10
Ϫ1
. The difference in yields at day 6 is less accentuated for the different MOIs while at that point the best titer was obtained with a MOI of 10
Ϫ2
. This indicates that the optimal MOI can be varied within one order of magnitude without significant fluctuation in the yield. Unfortunately, it was not possible to establish the number of recombination events since, as soon as a recombinant AdV is generated, it will produce a progeny that will increase the total number of recombinants. Thus, the increase in total number of recombinants from days 2 to 6 could be due to both new recombination events, as well as amplification of recombinants generated the previous days.
Determination of library diversity
In order to determine the potential diversity of AdV libraries generated by the Inf/Trans method, we designed an experiment in 96-well plates to establish the minimal number of cells required for one recombination event. A series of two-fold dilutions of cells starting from 10 4 cells per well were infected at 4 different MOIs (from 10 Ϫ1 to 1.25 × 10 Ϫ2 ). Lysates were harvested 5 days after transfection with pAdTR5-PS-GFP. Fifty percent of the lysate from each well was then used to infect 293 cells in 96-well plates and the presence of recombinant AdV was assessed by scoring GFP+ cells. The results are presented in Figure 6 . At 5000 cells/well, the variation in viral yield at various MOIs was minimal, all wells (10/10) being GFP+ except at the lowest MOI. At the optimal MOI of 10 Ϫ1 , one recombination event could be detected with as little as 625 cells in six out of 10 wells. In accordance with the Poisson distribution, we interpreted these data as indicating that one recombination event had occurred in less than 10 3 cells. We then further compared the representativeness of libraries generated either by co-transfection of viral DNA-TPC or by the Inf/Trans method, with a mixture of transfer vectors and positive selection with the PS gene. To simulate a library, we mixed different ratios of bacteria harboring transfer vectors expressing either GFP or BFP in the first series (Table 1) , or GFP or no transgene in the second series (Table 2) , and extracted the DNA from the mixed populations. As shown in Table 1 , thousands of plaques were generated by co-transfection with viral DNA-TPC of which about 80% were recombinants. It is noteworthy that the ratio of BFP/GFP plaques was fairly representative of the initial input of bacterial clones harboring the respective transfer vectors with a diversity approaching 1 in 500 in this particular experiment. Similarly, with the Inf/Trans method, the ratio of GFPϪ/GFP+ clones was also consistent with the ratio of input transfer vector DNA (Table 2) . However, in this case 100% of the plaques were recombinants as confirmed by the fact that infection and transfection with a transfer vector devoid of PS did not yield any plaques (data not shown).
Discussion
We have described in this report a new approach to generating AdVs in which only recombinants are recovered following one round of plaque purification in 293 cells. For the construction of recombinants one at a time, this positive selection method is at least as efficient as the best methods developed so far. 6, 8, 9, 11, 13, 24 However, as we will discuss below, for the generation of high diversity AdV libraries this approach is quite unique. Its basic principle is illustrated in Figure 2 . We have shown that transfection of a shuttle vector co-expressing the PS gene and a gene of interest, in combination with infection of PS-deleted Ad will yield pure recombinant plaques in about 2 weeks. We have demonstrated that this approach works using ectopic expression of PS in the E1 region. However, positive selection can also be obtained by re-expression of the PS gene in the E3 or E4 regions, as well as in its native location (unpublished results). Although, in theory, other essential adenoviral genes could also be used for positive selection, they may not be as readily amenable to such a scheme. For example, if one used a capsid gene for positive selection, it would likely be difficult to generate a useful complementing cell line due to the requirement for a high level of capsid protein. Furthermore, the recombinants selected with such a gene would need to express the selection marker at high levels for normal growth. Alternatively, if one used an early gene product for selection, re-expression of this gene would likely affect the physiology of the cells chosen for functional analysis of the transgene.
Our previous work, 19 and the results presented in this study, show that the PS gene is an ideal marker for positive selection for two reasons. First, the efficiency of recombinant selection is 100%. Second, recombinant AdVs expressing the PS gene in E1 grow as well as normal viruses when the expression of PS is adequate (Figure 3 ). Thus, we have shown that, although overexpression of PS is deleterious to viral growth, a level of expression of PS that is much lower than that occurring during wild-type infection is sufficient (Figures 3 and 4) . The fact that a weak promoter can be used ensures that, in subsequent functional studies of transgenes in noncomplementing cells, the very low levels of expression of the PS gene will not interfere with the cell physiology in any significant way. Indeed, this expression level will be much lower than that which occurs and is well tolerated in 293-PS cells lines under un-induced conditions ( Figure  4, lane 10) . This is because DNA replication will not occur in non-complementing cells.
Up to now, the construction of AdV-based libraries has been hampered because of the difficulty in generating high numbers of pure viruses. At the genetic level, diversity can be generated using a broad range of well-established techniques, such as error-prone PCR, DNA shuffling, random deletions, or by cloning cDNA from The 293 cells were co-transfected with ClaI-digested Ad⌬E1⌬E3/ DNA-TPC and two different ratios of the ClaI-digested pAdCMV5-BFP and pAdCMV5-GFP transfer vectors. The following day, the transfected cells were split 1/10 with fresh cells, and overlaid with agarose. The number of total plaques, percentage of recombination, and the ratio of BFP+/GFP+ plaques are presented in this table. 293 cells were infected with Ad5-⌬PS at a MOI of 10 Ϫ1 and then transfected with two different ratios of the FseI-digested pAdTR5-PS-⌬GFP and pAdTR5-PS-GFP transfer vectors. The cells were harvested 3 days after infection, freeze-thawed and seeded on 293 cells at the appropriate dilution to yield well isolated plaques (around 10 Ϫ2 ). The number of GFP+ and GFPϪ plaques and their ratio are presented in this table.
various libraries using standard protocols. However, efficiently converting these libraries of transfer vectors into high diversity AdV libraries has been a real challenge. The best method available for obtaining large numbers of recombinants involves transfection with the DNA-TPC complex. As shown in Table 1 , this method can readily produce thousands of clones at small-scale transfection with reasonable diversity, but it suffers from two limitations. First, only a fraction of the plaques are recombinant. Although the percent of recombinants appears to be as high as 80% in some experiments, it can also be as low as 10% (unpublished data). Furthermore, in the experiment presented in Table 1 , we observed that after one round of plaque purification, about 40% of the BFP-or GFP-positive plaques were contaminated with the parental virus at a level ranging from 30 to 95% (data not shown). Therefore without positive selection, AdV clones have to be plaque-purified at least once to eliminate the contaminating parental virus. This would make the generation of AdV libraries much more labor-intensive. Generating Ad recombinant in E. coli could represent a valid approach to obtain pure clones. However, this would be done at the expense of the library diversity. Indeed, adenoviral genomes constructed in E. coli are about 1000-fold less infectious than DNA-TPC complex. 8, 14 The second limitation of using the DNA-TPC complex is that it is difficult to produce good quality DNA-TPC complex in large quantities that remain active upon storage. In our hands, the best results were obtained with fresh preparations and the yield of DNA-TPC per cell was not very good compared with naked viral DNA. Clearly, using infection instead of transfection to introduce the viral genome into cells significantly improves the method and facilitates its scale-up. However, this is only possible when the parental viruses are efficiently eliminated as in our protocol.
Tetracycline-responsive promoters were used in our study as a tool to establish proof of concept. We have also shown that, in a preferred configuration, the PS gene can be expressed within an independent cassette from a weak enhancerless promoter (D Gagnon and B Massie, unpublished). The choice of such a promoter is based on our finding that a low level of PS expression is both sufficient and desirable. Also, the fact that it is enhancerless will minimise promoter interference between the expression cassettes. On the other hand, the expression of the gene of interest is not only unnecessary, but also potentially deleterious during recombinant AdV generation and production. Therefore, the various transgenes will be regulated by an inducible promoter such as the tetracycline inducible (tTA-responsive) promoter. As discussed below, regulation of transgene expression is essential to ensure proper representation of every insert in a library.
With our system, at small scale transfection, up to 10 4 clones can be readily generated. A library of this size would be sufficient for several applications such as analyzing deletion mutants to characterize protein functional domains or antigenic epitopes, mapping cis-acting elements regulating gene expression, and optimizing antisense mRNAs. To take advantage of the libraries, one would only need to develop a high throughput assay for rapid functional assessment of the clones. Thus, in one scenario the recombinant clones would be generated and propagated in 293 cells, while the functional screening would be performed in a non-complementing cell line expressing the tetracycline-regulated promotor trans-activator (tTA) or co-infected with a recombinant virus expressing tTA. For example, we have recently developed a generic assay to quantify cell growth and/or viability by the expression of GFP. This screening assay is suitable for identification of clones expressing inserts with either a cell cycle dysregulation phenotype and/or pro-or anti-apoptotic properties. In a typical assay, noncomplementing tTA-expressing cells would be infected with individual library clones followed by delayed infection with a virus expressing GFP. This protocol can include an additional step of apoptosis induction if needed. Quantification of the resulting GFP expression for each of the clones serves as an indication for cell growth or viability. The assay can be performed in 96-well plates and GFP intensity is measured using a FluorImager instrument and ImageQuant software. Finally, this method is amenable to improvements that will further expand its applications. For instance, since our protocol using infection with PS-deleted Ad and transfection of the transfer vector is readily scalable to more than 10 9 cells, 25 it allows for the construction of libraries with diversity exceeding 10 6 clones. Also, the diversity can potentially be further increased by 10-fold by combining our method with the Cre-lox recombination system as recently described. 6, 24 With this level of diversity, it would then be possible to develop applications such as screening cDNA libraries using a mammalian two-hybrid assay or other functional read-out.
In conclusion, the use of the PS gene for positive selection provides an easy, fast and cost-efficient approach to generating single recombinant AdVs, as well as high diversity AdV libraries.
Materials and methods
Cells and viruses
The conditions for culture of anchorage-dependent 293A cells, and suspension adapted 293S 26 and 293-PS cells 19 were as described previously. AdPTG3602 (wild-type Ad5 used to generate the Ad5-⌬PS) and Ad⌬E1⌬E3 were amplified in 293S and Ad5-⌬PS was amplified in 293-PS cells as detailed previously. 19, 21 Viral DNA-TPC form Ad⌬E1⌬E3 and Ad5-⌬PS were purified by combining published protocols. 14, 27 Titration was done by plaque assay as detailed in Massie et al. 16 
Transfer vector constructions
The Ad2 PS coding region with BamHI linkers (gift of J Weber, Université de Sherbrooke) was cloned in the BglII site of the pAdTR5-DC-GFP plasmid 16 to generate pAdTR5-PS-GFP. In this system, the expression of a target gene is placed under the control of a promoter containing the tetracycline operator sequence (tetO) that can be induced by the tetracycline-regulated trans-activator protein (tTA or rtTA). The transactivator protein can be supplied by using the 293-rtTA cell line. 16 To generate pAdTR6-PS-GFP, the TATA box of CMV was replaced with the TATA box of the TK promoter by PCR mutagenesis (Figure 1) . The pAdTR5-PS-⌬GFP was constructed by removing the GFP gene after BamHI digestion and re-ligation ( Figure 1) . Construction of pAdCMV5-GFP and pAdCMV5-BFP were described previously. 16 
Construction of recombinant AdVs
In the co-transfection protocol, pAdTR5-PS-GFP plasmid linearized at the unique FseI site, was co-transfected using the CaPO 4 precipitation method, 28 with ClaIdigested Ad5-⌬PS DNA-TPC into 293A cells as described previously. 16 Specifically, 400 ng of viral DNA-protein complex plus 4.6 g of carrier DNA were used instead of 5 g viral DNA (naked DNA), and after the transfection the cells were split 1/10 with fresh 293 cells before overlaying with agarose.
For the Inf/Trans method, infections with different MOIs of Ad5-⌬PS followed by transfection of PS-expressing plasmids (linearized by FseI) at 5 h after infection were carried out. 293A cells cultivated in 60-mm dishes were infected at MOIs ranging from 10 Ϫ1 p.f.u. (1 p.f.u. for 10 cells) to 10 Ϫ6 . Five hours after infection, cells were washed, fresh medium was added, and cells were transfected with 2 g of PS-expressing plasmids and 8 g of carrier DNA using the CaPO 4 precipitation method. The cells were washed after overnight incubation and fresh medium was added. For the Trans/Inf method, transfections with the same plasmids followed by infection 16 h later at the same MOIs as above was carried out.
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Inf/Trans in 96-well plates was done by seeding 100 l of increasing log 2 dilutions of 293A cells, starting at 5 × 10 3 cells/100 l, into a series of 10 wells. The next day, the cells were infected with 50 l of Ad5-⌬PS, at MOIs of 10 Ϫ1 , 5 × 10 Ϫ2 , 2.5 × 10 Ϫ2 or 1.25 × 10
Ϫ2
. Five hours later, DNA for transfection was prepared. Three g of pAdTR5-PS-GFP FseI digested and 12 g of carrier DNA was precipitated using the CaPO 4 method. The total volume was then brought to 2.5 ml with fresh medium 10 min later. Twenty-five l of this precipitate was dispensed into each well. The 96-well plates were incubated at 37°C for 5 days without any medium change. The cells were then harvested and subjected to three freeze-thaw cycles.
Protein analysis
Total protein extracts were prepared by lysing PBS washed cells in 100 mM Tris-HCl (pH 6.9), 10% glycerol, 2% SDS, followed by sonication to disrupt high molecular weight DNA. The protein concentration was determined, and SDS-PAGE and Western blotting were performed as detailed in Oualikene et al. 19 
